Introduction {#s1}
============

The worldwide increase of obesity and obesity-related diseases^[@r1])^ is an important matter of concern not only for Europe and America^[@r2],\ [@r3])^, but also for Asia, including Japan^[@r4],\ [@r5])^. The commonly used method for reducing weight consists of trying to improve the life-style of the individual mainly by way of diet and exercise over the course of 3 to 6 months with the participation of professionals^[@r6],\ [@r7])^. Although this support yields some results, the reality is that it is not uncommon for subjects to drop out of the program or who continue with the program, but without positive results. Because each subject yields different results even if the same approach is applied, studies have been conducted hitherto on the effects of obesity improvement programs, in other words, on the factors that may influence weight change and maintenance, principally focusing on psychosocial factors^[@r8],\ [@r9])^.

Having applied an obesity improvement program to overweight adult subjects to study the influence of psychosocial factors thereon, Aston *et al.*^[@r10])^ concluded that the higher the General Health Questionnaire (GHQ) scores of the subjects were before intervention, that is, the worse their mental health conditions were, the less weight they lost. Chiriboga *et al*.^[@r11])^ stated also that anxiety and depression had an influence on weight loss. Wing *et al.*^[@r12])^ on the other hand suggest the importance of social support, stating that female subjects accompanied by their spouses achieved better weight loss results, while male subjects did so by taking part in the program alone. Furthermore, Sakane *et al.*^[@r13])^ divided subjects who had participated in an obesity improvement program into a group that had received stress management and a group that had not and studied the subsequent effects. They reported that the group having had stress management yielded better results, including loss of weight, and indicated accordingly the importance of stress coping for the duration of intervention. Notwithstanding the above, Hainer *et al.*^[@r14])^ stated that depression did not contribute to causing weight change following an obesity improvement program, whereas Gierzewski^[@r15])^ reported that there was not any association between social support from a spouse and loss of weight. There is no consensus of opinion about the issue.

As seen from the above, while some psychosocial factors, such as mental health, depression, anxiety, social support from spouse, and stress coping during a program, have been pointed out as psychosocial factors having an influence on obesity improvement programs, there are studies that disagree with such result. It can be said therefore that further investigation is warranted. To work out a more effective obesity improvement program, it will be necessary to elucidate factors that influence intervention and reflect them on the program. The objective of the present study was to elucidate from a more comprehensive point of view the connection of factors that affect obesity improvement programs with psychosocial factors.

Materials and Methods {#s2}
=====================

Subjects
--------

The subjects were residents of Shimane Prefecture, Japan, who ware at least 30 years of age. To recruit participants, we advertised in public relations magazines to solicit participation in the obesity improvement program and obtained informed consent in writing from the individuals persons interested in signing up. Of the individuals who gave informed consent, excluding those who did not fill out the questionnaire, we chose 43 individuals who had a body mass index (BMI) of over 25 kg/m^2^ in check before intervention and on whom we could conduct a follow-up survey as the subjects of the present study. The study period was 3 months from August to October 2007. The present study was conducted with the approval of the ethics committee of Shimane University School of Medicine.

Intervention method
-------------------

The present obesity improvement program^[@r16],[@r17],[@r18])^ was based on behavior change theories in health learning and consisted of the following components:

(1)Recognition by the participant of risk factor related to obesity(2)Improvement target of physical composition or blood biochemical value for the program(3)Establishment of specific goals for action to achieve the improvement target(4)Acquisition of techniques for changing life-style(5)Development of process evaluation capability for action goals(6)Strengthening of motivation by way of supportive group therapy and fellow support

The present program set a goal of a 5% weight reduction after 3 months of intervention, taking into account such bad influences as weight rebound phenomenon after weight loss. Before implementing the program, we took note of the history of disorders and present illnesses, performed electrocardiography and confirmed with the participants the following conditions for participation:

(1)Participants who were under treatment or observation in medical institutions on account of obesity related diseases such as hypertension and hyperlipemia should get permission from their attending doctors.(2)Participants who were currently taking medication should not change the dose or the frequency for the duration of the program.

Before implementing the program, we took physical measurements, and examined the blood biochemistry and lifestyles of the participants in order to prompt their recognition of risk factors related to obesity. On the basis of the results, each participant consulted doctors and dietitians to determine a personal improvement target for physical measurements and blood values. Specific action goals were decided upon consultation with physiotherapists and dietitians. In relation to the above (4) to (6), learning sessions and group activities were held three times in total with a frequency of once a month. Doctors and occupational therapists took part in these sessions, in which the participants declared their own targets and learned methods to solve the problems facing them. In addition, the participants learned to look within themselves and alleviate the psychological stress found both in their own and social lives.

Measures
--------

We performed assessment twice, before the intervention and immediately after the end of the program.

1\. Basic attributes

We assessed from the survey form the age, sex, occupation (including part-time jobs, and self-owned businesses such as the farming), presence or absence of a spouse, presence or absence of chronic diseases (affected by any of hypertension, hyperlipidemia, diabetes, hyperuricemia, apoplexy, cardiovascular disease, gastrointestinal illness, respiratory or neoplasm), presence or absence of pain in the knee and/or in the lower back and so forth.

2\. Anthropometric

After a 12-hour fast, we measured the height and weight of each patient uniformly and obtained the BMI values.

3\. Lifestyle assessment

The participant's daily diet and amount of physical activity were investigated before and after the program. Information on the participant's daily diet was obtained using an established self-administered quantitative food frequency questionnaire^[@r19])^. Trained nutritionists asked each participant about their weekly frequency of food intake for the recent month. The investigation sheet was designed for Japanese people by the Working Committee for Health Guidelines of the Japanese Ministry of Health and Welfare. It investigates the average intake and frequency of intake for 1 month in terms of 30 kinds of food.

The physical activity level was investigated using the questionnaire sheets on such things as time and strenuousness of work, movement and commuting, and the intensity of daily activity was calculated. We measured the number of steps taken by the subjects using a pedometer (OMRON, HJ-113, Kyoto, Japan) for 1 week before the intervention and during the program. The number of steps per day before the program was calculated from the average value of one week before the program started. The number of steps per day during the program was calculated from the average value during the program period.

The resting energy expenditure (REE) was measured only once before the intervention. After a 15-min rest period, REE was measured in the sitting position with nondispersive infrared analysis (VMB-002N, VINE, Tokyo, Japan). Using this measurement meter, the oxygen concentration in the expired breath was measured for 3 min, and the calculated energy equivalent of oxygen volume was found to be 4.825 kcal/L^[@r20],\ [@r21])^.

The total energy expenditure (TEE) before the intervention was equal to REE × 0.9 × intensity of daily activity. According to the standards that follow, the TEE after the intervention was calculated by adding the activity-associated energy expenditure that changed during the period of program to TEE before the intervention. The adding activity-associated energy expenditure was equal to energy expenditure in addition movement shown according to gender and weight (rough estimate value of man and woman of 20--29 years old) × 0.9 (compensating rate of basal metabolism decrease due to aging) × execution time. The energy expenditure by walking was calculated based on the calorie that corresponds in "hurried step", the energy expenditure other than walking was calculated based on the calorie that corresponded to the self-declared movement, and the execution time was calculated from the activity record^[@r22])^.

In addition, we assessed the participants drinking and smoking habits with the investigation form.

4\. Psychosocial assessment

1)Presence or absence of stress (before intervention only)Using the questionnaire, we asked the patients if they felt stress at the time and evaluated the presence or absence of stress before intervention.2)Jichi Medical School Social Support (JMS-SSS)This social support scale was developed by Tsutsumi *et al.*^[@r23])^ for evaluation of self-report measures for social support with 28-item questionnaires. One reply concerning expectations from support sources, such as a spouse, family and friends, is sought out of four alternatives, and the total score is worked out according to support source. When support source is not found, the score for the item is zero. Namely, it is shown that the higher is the score obtained, the more support can be expected. The reliability and validity have been confirmed^[@r23])^.3)Stress-coping test for health check-up examineesThis stress-coping test was developed by Hosaka *et al.*^[@r24])^ for evaluation of self-report measures for stress coping with a 12-item questionnaires. One reply is sought out of four alternatives, and four kinds of stress coping, active behavioral, distraction, passive resignation and avoidance, can be assessed. The higher the score obtained is, the more significant the tendency is to follow the respective pattern of coping action. The reliability and validity have been confirmed^[@r25])^.4)General Health Questionnaire (GHQ)This is a general health questionnaire developed by Goldberg *et al.*^[@r26])^ for evaluation of a self-report measure for mental health degree that consists originally of 60 items. In addition, we used a GHQ scoring method for evaluation that awards 0, 0, 1and 1 point, although the evaluation is one out of four. In addition to the total score, four factors, such somatic symptoms, anxiety and insomnia, social dysfunction and depression, should be assessed. The higher the scored number of points is, the worse the mental health state of the subject is. The reliability and validity of the Japanese version consisting of 28 items have been confirmed^[@r27])^.

5\. Statistical analysis

First, we determined the basic attributes of the subjects and compared their physical measurements before and after intervention using the paired *t*-test. Then, in order to study factors related to weight change in the subjects, we took the weight change (after the end of program -- before intervention) as a dependent variable and classified factors that might have an influence, such as age, body weight and the BMI before intervention, and psychosocial evaluation (before intervention and its change) for examination of the Pearson correlation coefficient, and all other items into the 2 group. We then conducted a univariate analysis using the *t*-test and multiple regression analysis (forced entry method) with the related factors as independent variables. The *p* values were on both sides, with correlation of *p*\<0.05 in all examinations. We conducted all the statistical analyses using SPSS13.0J (Tokyo, Japan).

Results {#s3}
=======

Characteristics of the subjects
-------------------------------

([Table 1](#tbl_001){ref-type="table"}Table1Baseline characteristics of the subjects (N=43)Mean (s.d.)Frequency (%)**Basic attributes**Age (years)57.8 (7.5)SexMale14 (32.6)Female29 (67.4)Aetas40s7 (16.3)50s14 (32.6)60s22 (51.2)OccupationPresence25 (58.1)Absence18 (41.9)SpousePresence35 (81.4)Absence8 (18.6)Chronic diseasesPresence33 (76.7)Absence10 (23.3)Chronic conditionHypertension20 (46.5)Hyperlipidemia20 (46.5)Diabetes8 (18.6)Hyperuricemia6 (18.6)Apoplexy3 (7.0)Cardiovascular disease7 (16.3)Gastrointestinal illness3 (7.0)Respiratory2 (4.7)Neoplasm2 (4.7)Pain in kneePresence13 (30.2)Absence30 (69.8)Pain in the lower backPresence14 (32.6)Absence29 (67.4)**Anthropometric**Weight (kg)69.0 (8.8)BMI Mean (kg/m^2^)27.9 (2.2)BMI classificationOverweight (25 ≤ BMI \<30)38 (88.4)Obese (BMI≥30)5 (11.6)**Lifestyle factors**Energy intake (kcal/day)2116.6 (474.5)Total energy expenditure (kcal/day)2455.2 (587.1)Smoking habitPresence6 (14.0)Absence37 (86.0)Drinking habitPresence18 (41.9)Absence25 (58.1)**Psychosocial factors**StressPresence38 (88.4)Absence5 (11.6)Social supportSpouse21.0 (11.0)Family20.0 (15.0)Friends26.4 (5.7)Stress copingActive behavioral80.0 (22.2)Distraction36.6 (9.1)Passive resignation28.4 (7.0)Avoidance45.6 (9.6)GHQ28Total score5.6 (4.9)Somatic symptoms2.2 (2.0)Anxiety and insomnia1.9 (1.8)Social dysfunction1.0 (1.4)Depression0.4 (1.3))

The ages of the subjects ranged from 42 to 69 years of age, with the average age being 57.8 ± 7.5 years. Among the participants, 67.4% were female, and the proportion of participants ≥60-year-old was 51.2%, half the number of subjects. In regards to occupations, 58.1% of the subjects ware engaged in some form of work, including part-time jobs. Although 81.4% of the participants had a spouse, only one spouse took part in the program and was accompanied by the other spouse. The average value of BMI was 27.9 ± 2.2 kg/m^2^, the number of subjects having a BMI of 30 or more was less (11.6%) and most of the subjects were classified as overweight (25 ≤ BMI \<30 kg/m^2^).

Finally, only 5 of the 43 subjects replied that they did not feel stressed, while many of the participants felt stress in their daily lives. The average score of the GHQ28 was 5.6 ± 4.9 points.

Effects of the obesity improvement program
------------------------------------------

Energy intake showed a significant reduction, about 554.4 kcal/day (*p*\<0.001), and fell from 2116.6 ± 474.5 kcal/day before intervention to 1562.3 ± 307.8 kcal/day after intervention. Also, the total energy expenditure showed a significant increase, about 208.5 kcal/day (*p*\<0.001), and increased from 2455.2 ± 587.1 kcal/day before intervention to 2663.6 ± 645.9 kcal/day after intervention (*p*\<0.001). The mean body weight also showed a significant reduction, about 3.3 kg (*p*\<0.001), and fell from 69.0 ± 8.8 kg before intervention to 65.7 ± 8.7 kg after intervention. Accordingly, BMI also showed a significant reduction and fell from 27.9 ± 2.2 kg/m^2^ before intervention to 26.6 ± 2.4 kg/m^2^ after intervention (*p*\<0.001).

Factors related to weight loss ([Table 2](#tbl_002){ref-type="table"}, [3](#tbl_003){ref-type="table"})
-------------------------------------------------------------------------------------------------------

We studied the relationship among the weight change (weight after the end of the program -- weight before intervention), basic attributes, psychosocial evaluation score before intervention and change of each evaluation score. Using a univariate analysis, we found that the presence or absence of chronic diseases, social support scores (spouse) before intervention, change in avoidance stress coping and depression before intervention were significantly related to the change in body weight ([Table 2](#tbl_002){ref-type="table"}Table 2Factors related to weight loss---univariate analysis (N=43)rWeight change M (SD)p**Basic attributes**Age0.2260.146SexMale--3.87 (2.38)0.198Female--2.95 (2.07)OccupationPresence--3.59 (2.12)0.133Absence--2.77 (2.25)SpousePresence--3.50 (2.19)0.112Absence--2.14 (1.92)Chronic diseasesPresence--2.78 (1.97)0.022Absence--4.81 (2.23)HypertensionPresence--2.66 (1.80)0.100Absence--3.76 (2.40)HyperlipidemiaPresence--2.75 (2.01)0.166Absence--3.68 (2.29)DiabetesPresence--3.66 (2.44)0.560Absence--3.15 (2.15)HyperuricemiaPresence--4.45 (1.28)0.149Absence--3.05 (2.25)ApoplexyPresence--2.80 (1.82)0.717Absence--3.28 (2.23)Cardiovascular diseasePresence--2.21 (2.34)0.175Absence--3.45 (2.13)Gastrointestinal illnessPresence--3.90 (1.61)0.599Absence--3.20 (2.23)RespiratoryPresence--2.85 (4.17)0.795Absence--3.27 (2.14)NeoplasmPresence--3.00 (2.69)0.872Absence--3.26 (2.20)Pain in kneePresence--2.85 (2.38)0.434Absence--3.42 (2.12)Pain in the lower backPresence--3.21 (2.50)0.944Absence--3.27 (2.07)**Anthropometric**Weight--0.1940.213BMI0.0140.931**Lifestyle factors**Energy intake--0.1360.386Change in energy intake0.3010.049Total energy expenditure--0.1260.419Change in total energy expenditure--0.5150.000Smoking habitPresence--2.48 (1.52)0.362Absence--3.37 (2.27)Drinking habitPresence--3.51 (2.09)0.511Absence--3.06 (2.28)**Psychosocial factors**StressPresence--3.08 (2.08)0.170Absence--4.52 (2.84)Social supportSpouse--0.3190.037Change in spouse--0.1550.320Family--0.1150.462Change in family--0.1540.324Friends0.1750.262Change in friends0.0230.886Stress copingActive behavioral--0.1420.364Change in active behavioral--0.1420.365Distraction0.0650.681Change in distraction--0.1050.501Passive resignation--0.0970.537Change in passive resignation0.0630.690Avoidance--0.0540.732Change in avoidance0.3850.011GHQ28Total score0.2770.072Change in total score--0.1670.284Somatic symptoms0.0780.618Change in somatic symptoms0.0870.578Anxiety and insomnia0.2540.101Change in anxiety and insomnia--0.1970.205Social dysfunction0.1830.241Change in social dysfunction--0.2560.098Depression0.3820.011Change in depression--0.2460.112).

When we examined the relationships among these six factors, a significant correlation was shown between energy intake and energy expenditure. To avoid multicollinearity, we conducted a multiple regression analysis taking five factors (energy expenditure was not included) as independent variables. As a result, we obtained the factors having an influence on weight change: presence or absence of chronic diseases, social support scores (spouse) before intervention and change in avoidance stress coping ([Table 3](#tbl_003){ref-type="table"}Table 3Factors related to weight loss---multiple regression analysis (N=43)*β*SEt*p*Chronic diseases0.2960.7292.0810.044Change in energy intake0.0120.0010.0810.936Social support scores (spouse) before intervention--0.2750.026--2.0580.047Change in avoidance stress coping0.2970.0302.2550.030Depression before intervention0.2550.2321.9080.064R=0.649. Adjusted R^2^=0.343.).

Discussion {#s4}
==========

Change in weight reduction on account of the present program
------------------------------------------------------------

We recognized a significant change in body weight and BMI thanks to the intervention of the obesity improvement program, which prompted improvement mainly in terms of lifestyle. Whereas the National Heart, Lung, and Blood Institute recommends setting a weight reduction goal of about 10% within half a year taking into account such bad influences as the rebound phenomenon after completion of a weight loss program^[@r28])^, we set goal of 5% weight reduction after 3 months of intervention in the present study. The average reduction of the subjects in the present study of about 3.3 kg (about 5%) from a mean body weight of 69.0 kg before intervention suggests that the program's reduction effect was adequate.

Factors having an influence on weight loss
------------------------------------------

Having studied factors that might have an influence on weight change in the 3-month weight loss program, we were able to show that subjects who had no chronic disease, but high expectations for social support from their spouse before intervention and less avoidance stress coping, which is a negative stress-coping method, lost more weight.

Chronic disease: Subjects without chronic diseases were shown to have experienced more weight reduction. Cheng *et al.*^[@r29])^ elucidated that patients with more chronic diseases score lower with respect to health-related QOL (SF-36), especially the physical component summary (PCS), while Hung *et al.* reported that the PCS scores of overweight men with chronic diseases were lower than those of normal weight men. For this reason, it is reasonable to suggest that the PCS scores of the subjects having chronic diseases under the present study were reduced; that is, restriction of activities in jobs and daily lives was taking place.

Hanaoka *et al.*^[@r30])^ studied factors related to weight loss in a weight loss program and reported that physical functioning (PF) and role physical (RP), which indicate the degree of physical health in relation to the health-related QOL (SF-36), before intervention had an association with weight reduction. Therefore, it is possible to interpret that those subjects who find difficulty in physical activity in daily life cannot lose weight adequately. As chronic diseases causes degradation of physical activity, it is also thought to be difficult in the present study to enhance the reduced activity of subjects on account of chronic diseases in a short-term weight loss program, which suggests that chronic diseases may become one of the inhibitory factors.

Social support from spouse before intervention: Social support from spouse before intervention had a significant association with weight loss. The social support scale we used in the present study did not examine direct support but instead was one that reveals extent of support to be expected. Accordingly, those subjects who expected to receive support from their spouse in case of need without getting any actual support were the ones who were able to lose more weight.

The possible reason behind this is that the subjects could face the weight loss program, which might change their lifestyle with the thought that they could count on their spouses whenever they encountered problems in daily life, and this kind of thinking possibly enabled them to change their actions, resulting in effectual weight loss. Kayman *et al.*^[@r31])^ described the importance of having someone from whom to receive social support with a view to keeping control over one's body weight. In the meantime, Rabkin^[@r32])^ reported that subjects taking part in a 12-week weight loss program who replied before intervention that their spouses were collaborative in their efforts to reduce weight experienced more significant weight loss. The results of the present study support these findings.

In an earlier study on social support conducted on a gender basis, Wing *et al.* reported that the result was better for women when treated together with their spouses, while the result was better for men when they were treated alone. In the meantime, Elfhag *et al.*^[@r33])^ concluded after a systematic review that intervention of the spouse is not necessarily positive and that there is a possibility that, in the long run, it may even impair the result. We are of the opinion therefore that there is still room left for study, such as on a gender basis.

Avoidance stress coping: We classified stress coping into active behavioral, distraction, passive resignation and avoidance and studied the relationship between each score before intervention and weight loss. While we could not find any significant connection, we observed that the change in avoidance coping after intervention was related significantly to weight loss. In other words, those subjects who stopped taking an avoidance coping style as a result of intervention managed to lose more weight regardless of their stress-coping attribute before intervention. Kayman *et al.*^[@r31])^ reported on the relationship between weight maintenance and stress coping and stated that there are many people with the tendency to gain weight who adopt an avoidance coping style, such as eating and drinking to cope with problems. In the case of the present study, it is thought that the decrease of such coping style reduced behavioral patterns such as eating and drinking to cope with stress, leading as a result to weight loss.

The issue in the future for the subjects who lost weight in the short-term program is to prevent them from regaining the weight after the end of the program. Sarlio-Lähteenkorva *et al.*^[@r34])^ reported that those who regained weight after losing it felt a great deal of stress in their daily lives compared with those who could maintain a normal weight. It is therefore important to learn to acquire a coping style, other than eating, that will not cause overeating to cope with stress.

Limitations and future issues
-----------------------------

Our approach in this study has some limitations. The number of subjects was small, although they did have BMI values and weight-loss of participants of our intervention were lower than those of western countries, but BMI were similar to those reported in several population-based investigations in Japan, in line with our results. Further, it is known that short-term results do not necessarily continue in the long term, and our study was a short-term 3-month weight loss program. However, as our method included development of behavior, this may result in more enduring modification of behavior after the completion of the program, as compared with a program incorporating strict compliance with rules and a complicated prescription of lifestyle modification.

The present results suggest that subjects with chronic diseases should be provided with a certain degree of consideration, such as support for anxiety originating from changes in physical activity and eating habits, and cooperation from the attending doctors throughout the course of enrolment in a weight loss program. When we deal with subjects with a spouse on the other hand, we should consider the spouse as a source of social support; on the other hand, when dealing with subjects without a spouse, we should study the ways of strengthening social support from family and friends. Furthermore, it is necessary to dwell on stress management during the program, the awareness of stress for the purposes of avoiding the occurrence of rebound after the end of the program and the need for strengthening efforts to acquire coping techniques.

Conclusion {#s5}
==========

The present study ware also suggested that the existence or non-existence of chronic diseases, social support from a spouse and the decrease of avoidance stress coping are related to weight loss. In the future, it will be further necessary to continue working on the need to enhance the awareness about stress with a view to preventing occurrence of rebound after the end of weight loss programs and acquisition coping techniques, apart from the cooperation of attending doctors, strengthening of social support from family and friends and stress managing stress for the duration of the program.
